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Naval	  Need	  
In the two years since I came to the department, we have made a 
vigorous commitment to change how we get and how we use energy.   
We also now put an energy dimension in everything the Department of 
the Navy does. The reason is as clear as it is compelling. Energy 






This energy-focused master's degree program …will target both the 
current and future leadership of the Navy and Marine Corps… NPS 
will ensure that energy is a fully-integrated awareness into strategy, 
tactics and operations. As a result, NPS students will guide the Navy 
and the nation toward a better, more secure energy future.  
    
Secretary of the Navy Ray Mabus 
Navy	  Energy	  Goals	  
3 
Increase	  Alterna,ve	  Energy	  	  
Sources	  Ashore	  
Sail	  the	  “Great	  Green	  Fleet”	  
Reduce	  Non-­‐tac,cal	  Petroleum	  Use	  
Energy	  Efficient	  Acquisi,on	  
Increase	  Alterna,ve	  Energy	  	  	  
Department-­‐wide	  
By	  2020,	  at	  least	  50%	  of	  shore-­‐based	  energy	  requirements	  
will	  be	  met	  by	  alterna,ve	  sources;	  50%	  of	  Department	  
installa,ons	  will	  be	  net-­‐zero	  
Department	  will	  demonstrate	  a	  Green	  Strike	  Group	  in	  local	  
opera,ons	  by	  2012	  and	  sail	  it	  by	  2016	  
By	  2015,	  Department	  will	  reduce	  petroleum	  use	  in	  vehicles	  
by	  50%	  
Evalua,on	  of	  energy	  factors	  will	  be	  mandatory	  when	  
awarding	  contracts	  for	  systems	  and	  buildings	  
By	  2020,	  50%	  of	  total	  Department	  energy	  consump,on	  will	  
come	  from	  alterna,ve	  sources	  
CNO	  Navy	  Energy	  Strategy	  
4 
CNO Guidance: Provide a Navy Energy Strategy  
that treats energy as a strategic resource	

Ends Ways Means 
Vision Strategic Imperatives Targets Enablers 
•  A Navy that values 
energy as a strategic 
resource 




executing the Navy 
mission afloat and 
ashore 
•  A Navy resilient to any 
potential energy future 
•  Assure Mobility 
•  Protect Critical 
Infrastructure 
•  Lighten the Load 
•  Expand Tactical 
Reach 
•  Green Our 
Footprint 
•  Increase Efficiency Afloat 
•  Increase Efficiency 
Ashore 
•  Increase Alternatives 
Afloat 
•  Sail the Great Green Fleet 
•  Increase Alternative 
Energy Ashore 
•  Reliable Power for Critical 
Infrastructure 
•  Reduce Non-Tactical 
Petroleum Use 







•  Culture Change 
Energy Security is having assured access to reliable and sustainable supplies of 
energy and the ability to protect and deliver sufficient energy to meet operational 
needs	

NPS	  Energy	  Program	  
 
Responds to SECNAV request to construct 
a world-class Energy education program 
at the Naval Postgraduate School 
 
“Starting this fall, the Naval Postgraduate School will offer 
… energy graduate degree programs, the first military 
educational institution to do so. And beginning early next 
year, NPS will launch the SECNAV Executive Energy 
Series – catchy title – a two-week program designed to 
tackle specific energy challenges.” 
      Honorable Ray Mabus,  





Task Force Energy 
OPNAV N1 
ONR 
Energy	  Ac<vity	  at	  NPS	  
•  Graduate Education 
–  Masters’ Degrees 
–  Certificates 
•  Professional Development 
–  SECNAV Energy Executive Series 
•  Academic Group Activities 
–  Energy Core Group (ECG) 
–  Faculty Activity 




•  Masters’ Degrees 
–  Science & Technology (S&T) focused 
•  Electrical Engineering (EE) – Energy 
•  Mechanical Engineering (ME) – Energy  
–  Policy & Analysis (P&A) focused 
•  Operations Analysis (OA) – Energy  
•  Financial Management (FM) – Energy 
•  Certificate based on core courses 
–  Interdisciplinary  
–  Resident & DL 
8 
Evolu<on	  of	  Degree	  Program	  Structure	  
•  Original structure	

–  2 new energy degrees (P&A, S&T)	

–  18-mo programs for URL & Supply	

–  Curriculum Sponsor: N45 	





–  4 existing curricula with Energy tracks embedded	

–  Variable program lengths, depending on community	

–  “Joint” Curriculum Sponsor: N45 & Home Curric 	





•  Five Core Courses 
–  Campus-wide Interdisciplinary 
–  Shared by all Energy Students (ME, EE, OA, FM) 
–  Basis for Energy Certificate 
•  Energy Core 
–  Energy Science and Technology (PH) 
–  Energy Economics (GB) 
–  Energy Analysis (OR) 
–  Energy Policy and Strategy (NS) 
–  Energy Seminar  10 
Professional	  Development	  
•  SECNAV Executive Energy Series 
–  Two 2-week courses at NPS for 20 participants each (FY12)	






–  Purpose: To accelerate the adoption of DoN energy goals 
much sooner and more effectively by raising the level of 
energy literacy and arming key influencers to catalyze new 
policies, programs and practices across the DoN.	

–  Design:  DoN/DoD + Govt + Industry + University	

–  Designed and facilitated by team that cultivated the Navy’s 
first executive education program, executed similar programs 
for over 10 years, and founded The Energy Conversation, a 3-
year long cross-Agency series on energy in Washington DC.	
11 
Energy	  Group	  Ac<vi<es	  
•  NPS Energy Core Group (ECG) 
–  Formed to act as a proto-Academic Group 
–  Coordinates, consolidates & directs Energy 
activities on campus 
–  Faculty from all Schools 
•  Students 
–  Current (Year 1):  8 USN / 3 USMC 
–  Future (Year 2):  10 USN / 5 USMC 
•  All students from existing quotas 
•  Anticipate that the program will attract others 
12 







































*Admin – 4, Cebrowski Institute – 2, Meyer Institute – 1 	

Energy	  Group	  Ac<vi<es	  –	  Speakers	  
•  ENERGY, DEFENSE, SECURITY:  Dr. Amory  Lovins  (Rocky Mountain 
Institute)  04Apr10. 
•  THE DUAL-FUEL STRATEGY:  AN ENERGY TRANSITION PLAN: William 
Ahlgren (Cal Poly)  12Jan12 
•  THE LOGIC OF ENERGY EFFICIENCY: Dr. Alan Meier (Lawrence Berkeley 
Lab, UC Davis)  20Jan12 
•  CLIMATE CHANGE UPDATE:  David Hafemeister (Cal Poly)   03Feb12  
•  THE ALTERNATIVE ENERGY GROUND VEHICLE – POWER GRID 
INTERFACE PROGRAM (AEGV-PGIP) VISUALIZATION APPLICATION:   
Prof. D. Nussbaum & Prof. A. Hernandez (NPS)   07Feb12  
•  INNOVATION & INSTALLATION ENERGY:   Dr. Jeffrey Marquesee (Strategic 
Environmental Research and Development Program --SERDP)   08Mar12 
•  MEETING CALIFORNIA’S FUTURE ENERGY NEEDS:   Craig Smith (NPS)  
09Mar12  14 
Energy	  Group	  Ac<vi<es	  –	  S&T	  Research	  
•  OPTIMIZATION OF VERTICAL AXIS WIND TURBINE ARRAYS:   Prof. G. 
Hobson, Dr. A. Gannon, Lt. J. Ponder - Mechanical and Aerospace Engineering 
Dept. 
•  COMBUSTION & CERTIFICATION OF BIOFUELS:  Prof K. Millsaps, Chairman; 
Assoc Prof C. Brophy - Mechanical and Aerospace Engineering Dept. 
 
•  TRANSPORT IMAGING FOR THE CHARACTERIZATION OF SOLAR CELL 
MATERIALS:  Prof. N. Haegel, Physics Dept. 
•  INTEGRATION OF DETONATION-BASED COMBUSTION INTO HYBRID GAS 
TURBINE SYSTEMS: Prof. C. Brophy, Mechanical and Aerospace Engineering 
Dept. 
 
•  NOVEL METAL OXIDE AEROGEL / GRAPHIC HYBRIDS FOR 
SUPERCAPACITIVE ENERGY STORAGE: Dr. C. Luhrs --  Mechanical and 
Aerospace Engineering Dept. 
•  EFFICIENCY IMPROVEMENTS OF NAVY GAS TURBINES:  Prof. K. Millsaps - 
Mechanical and Aerospace Engineering Dept. 15 
Energy	  Group	  Ac<vi<es	  –	  S&T	  Research	  
•  NANOTECHNOLOGY AND ENERGY RESEARCH AT NPS:  NPS 
Nanomaterials and Nanosystems Group,  Prof. S. Osswald,  Physics Dept 
•  NANOSTRUCTURED AND MULITIFUNCTIONAL MATERIALS FOR ENERGY 
STORAGE:  Dr. C. Luhrs --  Mechanical and Aerospace Engineering Dept. 
•  LEAD ACID SEMI-SOLID FLOW CELLS (LA-SSFC) FOR MEDIUM- AND 
LARG-SCALE ENERGY STORAGE:  Prof. S. Osswald,  Physics Dept 
•  MEMS ENERGY HARVESTING:  Dr. D. Grbovic, Physics Dept 
•  MULTI-MATERIAL DIELECTRICS: NEW PARADIGM FOR ACHIEVING HIGH 
ENERGY DENSITY CAPACITORS:  Dr. J. Phillips, Physics Dept 
•  NOVEL ELECTRONIC DEVICES:  P. Crooker, Physics Dept 
•  OPTIMAL DESIGN OF PIEZOELECTRIC MATERIALS FOR MAXIMAL 
ENERGY HARVESTING:  Dr. H. Zhou – Applied Math Dept 
16 
Energy	  Group	  Ac<vi<es	  –	  P&A	  Research	  
•  A BCA FOR TRANSITIONING THE USN FROM PETROLEUM TO SYNTHETIC 
FUEL:  Dr. D. Nussbaum, LCDR M. Benedetto – Operations Research Dept. 
 
•  LARGE-SCALE OPTIMIZATION: Studying problems of infrastructure protection 
in power grids:  Prof G. Brown, Prof K. Wood – Operations Research Dept. 
•  REAL-TIME DISPATCH OF PETROLEUM TANK TRUCKS:  Prof G. Brown, Prof 
G. Graves – Operations Research Dept. 
•  A COST ESTIMATION ANALYSIS OF US NAVY SHIP FUEL-SAVINGS 
TECHNIQUES AND TECHNOLOGIES:  Fonte, Nussbaum, Kline - OR Dept 
•  DETERMINING THE RETURN OF ENERGY EFFICIENCY INVESTMENTS IN 
DOMESTIC AND DEPLOYED MILITARY INSTALLATIONS:  Gammache, 
Nussbaum, Coughlan – OR Dept & GSBPP 
•  NET ZERO PLUS: CONDUCTING A BUSINESS CASE ANALYSIS:  Ong, 
Nussbaum, Nolan – OR Dept 
17 
Energy	  Group	  Ac<vi<es	  –	  P&A	  Research	  
•  ESTIMATING THE FULLY BURDENED COST OF FUEL FOR A NAVAL 
AVIATION FIXED WING PLATFORM:  Truckenbod, Nussbaum, San Miguel - 
OR  Dept & GSBPP. 
 
•  EVALUATING THE IMPACT OF THE FULLY-BURDENED COST OF FUEL IN 
TRADE SPACE ANALYSIS:  Corley, Nussbaum, Burton – OR Dept. 
•  COMPARATIVE ANALSYSIS OF PODDED VERSUS MECHANICALLY-
DRIVEN PROPULSION:  Riendeau, Nussbaum – OR Dept 
•  A METHODOLOGICAL APPROACH FOR CONDUCTING A BASE CASE 
ANALYSIS FOR THE GLOBAL OBSERVER (JCTD):  Thiow Yong Dennis, Lim, 
Nussbaum, Lin – OR Dept & DSTA 
•  GEOTHERMAL HVAC: A BUSINESS CASE ANALYSIS:  Trahan, Nussbaum, 
Brygider – 
•  A COST ESTIMATION OF BIOFUEL FOR NAVAL AVIATION: BUDGETING 
FOR THE GREAT GREEN FLEET:   
18 
Energy	  Group	  Ac<vi<es	  –	  P&A	  Research	  
•  BATTERIES ON THE BATTLEFIELD:  DEVELOPING A METHODOLOGY TO 
ESTIMATE THE FULLY-BURDENED COST OF BATTERIES IN THE DOD:   
•  FULLY-BURDENED COST OF FUEL USING INPUT-OUTPUT ANALSYSIS:   
•  THE IMPACT OF RECHARGABLE BATTERIES: 
 
19 
Energy	  Group	  Ac<vi<es	  –	  Research	  Seeding	  
Math Optimal Design of Piezoelectric Materials for Maximal Energy Harvest 
ECE Smart Power Meter for Smart Grids 
MAE Powering Naval Ships via Wave Energy Convertors 
MAE Robust Wind Turbine Driven Heating Systems 
MAE Optimization of Vertical Axis Wind Turbine Arrays 
MAE Energy Harvesting for Long Endurance Autonomous Underwater Vehicle (AUV) Missions 
MAE  Solar Powered Tactical Long Endurance Small Unmanned Aircraft System 
MAE Novel metal oxide aerogel/graphitic hybrids for supercapacitive energy storage 
MAE A Globally Deployable Wind Power Generating System 
MAE/EC A portable and deployable wave energy system to power a recharging station for autonomous vehicles:  concept, development, testing 
PH Bimaterial MEMS Solar Generators 
PH Multi-Material Dielectics:  Super High Dielectric Constant Materials 
PH Enhancing the Performance of Proven Battery Chemistries with Semi-Solid Flow Cells for Mission Critical Naval Applications 
PH/EC Flexible Low-Cost Solar Cells for Expeditionary Energy:  New Tools for Optimizing Performance 
OR Application of the Mixed-Mode Fuel Minimization Planner to the Littoral Combat Ships, Phase 1 
SE/Meyer Flexible CNT-Grapheve Nanoparticles Hybrid Nano Anodes for LiIon Batteries 20 
Energy	  Group	  Ac<vi<es	  –	  Future	  Research	  
21 
•  Energy Systems Technology Evaluation Program (E-STEP): 
ONR & NPS  
•  SUPPORTING CERTIFICATION OF BIOFUELS FOR THE 
NAVY’S “GREAT GREEN FLEET” DEMONSTRATIONS:   
NAVSEA, NAVAIR  & NPS  
•  MATERIAL COMPATIBILITY OF BIOFUELS IN GAS 
TURBINES:  UC Irvine & NPS  
  
•  IMPROVING EFFICIENCY OF THE GE-LM2500:  NAVSEA, 
NSWC Phil & NPS  
•  FUNDAMENTAL COMBUSTION SCIENCE OF BIOFUELS:  
Dr. Rich Carlin, Dr. Sharon Beerman-Curtin, LT Omari Buckley (NPS)  
  
Energy	  Group	  -­‐-­‐	  FY12	  Budget??	  
•  FY12 Ask:  $2.8M 
•  Energy Degree Program  $1.12M 







































•  Energy Executive Series  $1.12M 
•  NPS Overhead    $560K 
•  NPS Research Seeding  $200K 
22 
Summary	  
NPS is responding to  
SECNAV request for a world-class  










Omari Buckley, a student in the Mechanical Engineering curriculum, demonstrates the capabilities of 
















Proposed VAWT array 
on the roof of !
Bldg 216 Gas 
Dynamics Laboratory!
Unsteady calculations through a pair of VAWTs!
• Doubling the number of 
blades from 3 to 6 gives a 
2.3 times increase in 
torque 
• Running two (3-bladed) 
VAWTs inward at 1m part 
gives a less than one 
percent increase in 
combined torque 
• Bringing them closer to 
0.5m increases the overall 
torque by 7%   
Optimization of Vertical Axis Wind Turbine 
Arrays 
Profs. Garth V. Hobson, Anthony Gannon & Student Lt. J. Ponder, Department of Mechanical & Aerospace Engineering 




COMBUSTION & CERTIFICATION OF BIOFUELS 
 
Prof Knox Millsaps, Chairman; Assoc Prof Chris Brophy 
Sponsors: ONR (Carlin, Beerman-Curtin), NAVSEA-05Z (Leong) 
Goal: To better understand 
differences in combustion between 
biofuels (HRJ/HRD) and standard 
Navy bulk fuels: F-76 and JP-5,  
and support 2012 and 2016 fleet 
demos  
501-K34 Spray Characteristics   






Theses and Students 
-  LT Carly Promersburger, JUN 2010 




•  Monitoring the motion of charge through the detection of light 
•  A new characterization tool developed at NPS 
•  Provides direct information on quality/uniformity of material 
•  Potential for cost savings in both research and production 
Solar cells 
Nanostructures 
Recent thesis students: 
   US Navy, USMC 
   US Army,  US Air Force 
   International 
 
Support:  NSF, DARPA, DHS 
 
Collaborations: 
   Boeing Spectrolab 
   Solopower 
   General Electric Global Research 
   Sandia National Labs, NIST 
 
 
Transport Imaging in Solar Cells 
Prof Nancy M. Haegel, Physics Dept. 
 
INTEGRATION OF DETONATION-BASED COMBUSTION 
INTO HYBRID GAS TURBINE SYSTEMS 
 
Gas turbines use about 70% of all 




Combustor Concepts:  Pulse 








Goal: Increase efficiency of gas 
turbines over a wide range of power 
conditions (esp. idle) through 
detonation-based combustors which 
delivers a pressure gain during the 
heat release process. 
 
Potential Savings: 10-15%  
Status of Technology 
 
1.  Major engine manufactures 
continue to invest and study the 
characteristics of this technology. 
2.  Pulse Detonation Engines 
successfully operated on Navy-
relevant fuels to steady state. 
3.  Rotating detonation engines 




PI: Prof. Christopher Brophy 
 
Sponsors: AFRL/ONR/DARPA    Collaboration with Stanford & USC  
29 
Novel metal oxide aerogel / graphitic hybrids for 
supercapacitive energy storage 
Associate Professor Claudia C. Luhrs, Department of Mechanical & Aerospace Engineering	

831-656-2568   |   ccluhrs@nps.edu	

GOAL:  Create the foundation to develop hybrid metal oxide 
aerogel/graphitic materials for supercapacitor devices, by 
preserving high surface area, while presenting significantly 
higher specific capacitance than carbon by itself due to 
pseudocapacitive effects. 
 
• Electrical double layer capacitors (EDLC), are based on high 
surface area carbon materials 
•  Stores charges physically using two carbon 
electrodes separated by an intermediate substance 
• They present numerous advantages when compared to 
battery materials:  
•  simple charging methods,  
•  very fast rates of charge/discharge,  
•  low cost,  
•  long cycle life and particularly,  
•  high power densities.  
• Present relative low values of energy density. 
• Go beyond the traditional methods to increase capacity 
•  Generate a hybrid, including transition metal oxide 
(ca. MnO2, WO3, NiO) and graphitic component to be 
used in the form of an aerogel.  
 
EFFICIENCY IMPROVMENTS OF NAVY GAS TURBINES 
 
PI: Prof. Knox Millsaps 
 
Sponsors: NAVSEA-05Z, NAVSES/Philly (Hartranft, Driscol ) 
Gas turbines use about 70% of all 













Goal: Increase efficiency of gas 
turbines. Mostly at part power 
conditions.  
 
Potential Savings: 4-6%  
Methods for LM2500  
 
1.  Optimize compressor vane 
schedules 
2.  Modulate cooling flow at low 
power levels 
3.  Improve hot section materials 
and advanced technology 
cooling scheme  
 Nanotechnology and Energy Research at NPS 
Realization of Micro-Ion Thrusters through Carbon Nanotube 
Field Ionization Engines 
Students: LT Paul Camp, Capt. Allen Wold, CDR Sarah Michael 
Design Schematic 
Application: Lightweight Armor 
Nanocarbon-Reinforced Metal Armor 





High-Performance Solid-State Li-Ion Battery with Ultra-Safe 
Thermally-Stable Nonflammable Graft Copolymer Electrolyte  
Students: LT Kamryn Sakamoto, LT Jonathan Cebik, LT Michael Mowry 
The Nanomaterials and Integrated 
Nanosystems Group at the Naval 
Postgraduate School (NPS) focuses on 
the design, synthesis, and application of 
nanostructured materials. Areas of 
interest include, but are not limited to,  
new energy conversion and storage technologies, nanosensors 
and sensor arrays, self-sustaining micro- and nanoelectro-
mechanical systems (MEMS/NEMS), infrared (IR) and terahertz 
(THz) devices, multifunctional coatings, and nanocomposites. 
 
Prof. Sebastian Osswald 
Department of Physics 
Naval Postgraduate School 
 
Contact Information  
Tel.: (+1) (831) 656-2817 
Fax.: (+1) (831) 656-2834 




Nanostructured and multifunctional materials for 
energy storage 
Associate Professor Claudia C. Luhrs, Department of Mechanical & Aerospace Engineering	

831-656-2568   |   ccluhrs@nps.edu	

Plasma generated 
high temperature  
resistant  
electrode materials 
GOAL:  Novel synthetic pathways for electrode 
materials preparation; graphene, carbon nanofibers, 
core-shell metal-carbon electrodes and metallic oxides 
among others. Special attention has been given to the 
characterization of the nanomaterial structural features 
and their correlation with observed properties and 
reactivity. 
 
Application projects include engineering thermally 
stable materials for batteries, supercapacitors and 
structural  components based on high energy density 
nanostructures. 
Nitrogen doped Graphene 
Supercapacitor and battery 
electrodes 
Highly porous Carbon fiber/metal 
oxide capacitor materials 
33 
Lead Acid Semi-Solid Flow Cells (LA-SSFC) 
for Medium- and Large-Scale Energy Storage 
Professor Sebastian Osswald, Department of Physics 
831-656-2817   |   sosswald@nps.edu	

• SSFC provide distinct advantage of over 
conventional batteries and fuel cells, 
particularly for military applications where 
energy demand/supply are strictly 
managed and energy sources must be 
replenished. 
 
• SSFC batteries operate on the principle 
of moving a suspension of active materials 
past an inert electrode to store or utilize 
electricity 
 
• SSFC enables the designer to increase 
the specific energy at constant specific 
power by adding tanks to contain charged 
and flowing electroactive material, 
suspended in electrolyte. 
 
• Energy density is determined by size of 
the storage tanks, which are 
exchangeable. Power density is controlled 
by flow velocity and total electrode surface 
area, which can be changed in a modular 
design. 
Contact information:  Dragoslav Grbovic, dgrbovic@nps.edu  
MEMS Energy Harvesting 
Current students: LCDR David Baughman,  





Multi-Material Dielectrics: New Paradigm for 
Achieving High Energy Density Capacitors 




HYPOTHEISIS:  Insulator coated 
metallic particles will have the highest 
possible permittivity, hence  dielectric 
constant, but will not ‘short’ because no 
percolation path for charge movement 
exists. 
A- Electrode surface 
B- Electrolytic layer 




INITIAL RESULTS: support the hypothesis, with MMD having dielectric constants, conventionally 











































CAVEATS:  The first generation material resistance was too low for 
energy storage.  Hence, for Generation II (above) an electrolytic 
layer was employed. As shown, these capacitors are ‘spectacular’, 
i.e. 5X more energy dense than best commercial electrolytics but 
only for low current and low (<2 volts) voltages. Work continues. 
  
Novel	  Electronic	  Devices	  
36 
Development of a IR-
triggered 
IFF Shoulder patch 
LCDR K. Burnett, LT A. Woolsey, 
LT J. Elmore, LT J. Schumacher 
LT P. Williams 
w/ Nancy Haegel  
 
Patch at 300 m 
IFF Patch 
Light-emitting electrochemical test cells 
Current, light, and Capacitance 
Physics of Light-Emitting  
Electrochemical Cells 
LT Yevtte Davis, LCDR Karl Burnett 
w/ Nancy Haegel 
Multi-material dielectric cell with 
dielectric-coated metal spheres 
DC capacitance: 
 
C = εr Cair 
 
εr ~ 104-106  
Energy = ½CV2 
Super-High Dielectric 
Constant Materials For 
Energy Storage 
w/Jonathan Phillips 
Peter P. Crooker (ppcrooke@nps.edu) 
37 
Optimal Design of Piezoelectric Materials for 
Maximal Energy Harvesting 
Associate Professor Hong Zhou, Department of Applied Mathematics	

831-656-2600   |   hzou@nps.edu 
GOAL: to seek a more sophisticated mathematical method to solve the 
Partial Differential Equations (PDEs) in the modeling of piezoelectricity. 
Our research intends to find optimal ways to boost the power output from 
piezoelectric transducers.  
•  Piezoelectric materials have the ability to transform mechanical strain 
into electrical charge and vice versa.   
•  An example of piezoelectric materials is the airbag sensor in your 
car. The material detects the intensity of the shock and sends an 
electrical signal to trigger the airbag.  
•  Major limitations of piezoelectric energy harvesting revolve around the 
fact that the energy generated by these materials is on the order of 
microwatts or milliwatts, and is far too small to power most electronics. 
•  Research is still in the preliminary stages. 
Literature search has been recently completed 
and work on the PDEs has begun.  
•  NPS students are expected to get involved in 
the near future. 
SELECTED ENERGY  




Description:   “ Methodology” 
 
•  Collect cost data on various synthetic fuel plants from public 
and private sources 
•  Organize data into two major components, CAPEX and OPEX 
•  The CAPEX and annual OPEX data were merged to find total 
program cost, or life cycle cost (LCC) over a given period, 
initially calculated over a period of 30 years. 
•  Discounted cash flow (DCF) and internal rate of return (IRR) 
analysis were used to estimate a minimum retail selling price of 
the synfuel product for the life of a plant. 
•  Retail selling price was examined over various possible coal 
and crude oil prices over the life of the plant to develop a 
decision space for pursuing a synthetic fuels program 
 
Key Participants:   
LCDR Michael Benedetto, USN 
Thesis Advisor: Dr. Daniel Nussbaum 
Second Reader: Ira A. Lewis 
Objectives: 
 
The purpose of this study is to show the conditions where 
domestic coal to liquid (CTL) fuel production facility investment is 
financially practical, as well as those where it is financially 
impractical. 
This analysis develops cost estimates, provides business case 
analysis and reviews global estimates for developing a coal to 
liquid synthetic fuel production facility. 
It identifies and qualifies risks and sensitivities. 
It also examines various projected coal and crude oil markets 
and how each case influences the decision to pursue a synthetic 
fuel program. 
It concludes with a decision matrix comparing the pursuit of a 
synthetic fuel program with maintaining the status quo of the use 
of fuel from petroleum. 
A	  BCA	  For	  Transi<oning	  The	  U.S.	  Navy	  From	  
	  Petroleum	  To	  Synthe<c	  Fuel	  Resources	  
Key Deliverables: 
•  The minimum retail selling price is an increasing function of the internal 
rates of return. That is, the higher internal rates of return that is required, 
the higher the minimum retail selling price. 
•  The minimum retail selling price is a decreased function of the plant life. 
•  While the minimum retail selling price is a decreased function of the plant 
life, it is decreasing at a decreased rate. 
•  Jet fuel from petroleum price was highly variable over the evaluation period. 
•  Synthetic jet fuel pricing remained relatively stable over the evaluation 
period. 
•  Jet fuel pricing was very sensitive to price fluctuations, while synthetic fuel 
was far more stable. 
•  Synthetic fuels price insensitivity relative to coal price fluctuation is due ot 
the large CAPEX costs relative to the cost of the feedstock. 
•  For the landscape of possible projected prices for crude oil and coal, 57% 






•  Objective: Assist decision makers in 





•  Author: LCDR Samuel Vince Ang Fonte	

•  Advisor:  Dr. Daniel Nussbaum	

•  Second Reader: CAPT(ret) Jeffrey Kline	

•  Sponsor: Commander, Naval Surface Forces, 
Comptroller	

•  More savings when higher cost of fuel.	

•  Less savings when higher discount factor.	

•  Negligible change in rankings after adjustment of 




–  Navy recognizes the need to become 
more energy efficient.	

–  Several technique and technology-
based ideas are available.	






–  Collection of ideas	











at	  0%	  disc	  ($K)
10-­‐yr	  Savings	  
at	  5%	  disc	  ($K)
Single	  Generator	  Ops 881 9,690 96,895 74,820
Plant	  Status 44 920 9,200 7,104
Prairie	  Masker	  Air 38 789 7,886 6,090
Duty	  Radar 12 256 2,555 1,973
Flexible	  OPAREA 7 139 1,389 1,073
Auto-­‐Pilot 6 86 860 664
10-­‐yr	  ROI	  at	  0% 10-­‐yr	  ROI	  at	  5% 10-­‐yr	  Savings	  at	  0% 10-­‐yr	  Savings	  at	  5% Savings/yr/ship
D)	  Trim	  Loop D)	  Trim	  Loop G)	  Common	  Rail G)	  Common	  Rail G)	  Common	  Rail
A)	  Water	  Wash A)	  Water	  Wash B)	  Hull	  Coating B)	  Hull	  Coating J)	  Steering	  &	  Stability
C)	  Prop	  Coating E)	  Hull	  Assessment A)	  Water	  Wash A)	  Water	  Wash H)	  LHD	  Stern	  Flap
E)	  Hull	  Assessment C)	  Prop	  Coating K)	  Cooling	  Fan K)	  Cooling	  Fan F)	  Solid	  State	  Lighting
F)	  Solid	  State	  Lighting F)	  Solid	  State	  Lighting E)	  Hull	  Assessment E)	  Hull	  Assessment D)	  Trim	  Loop
H)	  LHD	  Stern	  Flap H)	  LHD	  Stern	  Flap F)	  Solid	  State	  Lighting F)	  Solid	  State	  Lighting I)	  LSD	  Stern	  Flap
B)	  Hull	  Coating B)	  Hull	  Coating J)	  Steering	  &	  Stability J)	  Steering	  &	  Stability C)	  Prop	  Coating
J)	  Steering	  &	  Stability J)	  Steering	  &	  Stability I)	  LSD	  Stern	  Flap I)	  LSD	  Stern	  Flap B)	  Hull	  Coating
I)	  LSD	  Stern	  Flap I)	  LSD	  Stern	  Flap H)	  LHD	  Stern	  Flap H)	  LHD	  Stern	  Flap K)	  Cooling	  Fan
G)	  Common	  Rail G)	  Common	  Rail D)	  Trim	  Loop D)	  Trim	  Loop E)	  Hull	  Assessment
K)	  Cooling	  Fan K)	  Cooling	  Fan C)	  Prop	  Coating C)	  Prop	  Coating A)	  Water	  Wash
L)	  Reverse	  Osmosis L)	  Reverse	  Osmosis L)	  Reverse	  Osmosis L)	  Reverse	  Osmosis L)	  Reverse	  Osmosis
A	  Cost	  Es<ma<on	  Analysis	  of	  US	  Navy	  Ship	  
	  Fuel-­‐Savings	  Techniques	  and	  Technologies	  
• Description/Methodology 
• Gather Data 
• Domestic- Direct fuel and utility cost offsets 
• Deployed- Burdened cost of fuel studies Waste 
disposal costs 
• Analyze Data 
• Domestic- Guaranteed savings vs contract price 
• Deployed- TGER LCCE vs Standard genset 
LCCE 
• Major Assumptions 
• Domestic- Greater efficiency is possible 
• Deployed- Burdened fuel costs are variable 
Key Participants:   
Lt. Nathan J. Gammache USN 
Thesis Advisor: Dr. Daniel Nussbaum 
Second Reader: Dr. Peter Coughlan 
Objectives: 
• To Determine the financial return on energy 
efficiency investments in domestic and forward 
operating bases 
 
• There are two Current Options for increasing 
Energy Efficiency 
• The use of Energy Savings Performance 
Contracts (ESPC) to fund energy efficiency 
improvements at domestic military 
installations 
• The use of waste to energy refinery devices 
at military forward operating bases 
 
Determining	  The	  Return	  Of	  Energy	  Efficiency	  Investments	  
	  In	  Domes<c	  And	  Deployed	  Military	  Installa<ons	  
Key Deliverables: Domestic and Deployed: 
–  Domestic bases 
•  ESPCs allow installation facility 
improvements without additional direct 
government funding 
•  Majority of possible energy savings ($1.6B) 
passed on to private equity lenders 
•  Agency return is compliance with mandates, 
not necessarily financial gain 
–  Deployed bases 
•  Costs spread out among numerous 
accounts create split incentives 
•  Tremendous theoretical savings possible but 
hard to realize 
Project Investment vs. Guaranteed Cost Savings












































•  Develop a Business Case to analyze the alternative 
solutions. 
• Identify the costs and benefits of the alternative 
solutions. 
• Provide the decision makers the financial 
information so they can make better informed 
decisions. 
• Examine DoD's proposed alternatives to reduce its 
demand for oil and understand the financial aspect 
of the alternatives proposed 
Key Participants:   
Hsueh Min David Ong 
Thesis Advisor: Professor Daniel Nussbaum 
Second Reader: Dan Nolan 
Objectives:  
To analyze the cost and benefits of implementing the 
following proposed alternative energy solutions, namely: 
 
1. External Spray Foam Insulation 
 
2. Transportable Hybrid Electric Power Station (THEPS)‏ 
 






Net	  Zero	  Plus:	  Conduc<ng	  a	  Business	  Case	  Analysis	  
Key Deliverables: Results of the analysis for a 24/7/365 
persistent presence over the designated AO: 
•  All three initiatives are very attractive financial solutions 
to Net Zero  Plus, with high annualized ROIs, short 
payback period and opportunities to leverage economies 
of scale. 
•  Annualized ROI for Spray Foam Insulation is 32.9% 
(less than 1 year)‏ 
•  Annualized ROI for THEPS is 43.8% (less than 1 year) ‏ 
•  Annualized ROI for TGER is 28.5% (less than 1 year)‏ 
Description:  
• DAU and OUSD(AT&L) provide methodology 
promoting the use of the FBCF during trades 
analysis during  Defense Acquisition process AoAs 
• Studies by DSB, and LMI, RMI amplify importance 
of considering FBCF  in weapon system design and 
acquisition decisions 
• 2009 NDAA directs the use of FBCF in the 
acquisition process, QDR supports,  
• Navy lacks an aviation FBCF pilot program; 




•  Thesis report addressing FBCF related to F/
A-18E/F in comparison to DDG-51 thesis.  Review 
application of newest model calculators. 
Objective: 
•  Parallel previous DDG-51 study of FBCF 
computation for fixed wing naval aviation platform 
•  Analyze “next generation” of OSD FBCF 
calculator for applicability and  
Participants:   
Author: CDR Daniel Truckenbrod 
Thesis Co-Advisor: Dr. Daniel Nussbaum 
Thesis Co-Advisor: Dr. Joseph San Miguel 
 
Estimating the Fully Burdened Cost of Fuel  
for a Naval Aviation Fixed Wing Platform	

Fuel for DoD Operations 
Direct (Commodity) 
Price 
•  $ to $ in FY09 
Indirect Costs 
(Burdens) 
 The “tail” to deliver 
•  Navy oilers 
•  Airborne tanking 
•  Trucks & helos 
•  Personnel 
•  Force Protection Conclusions: 
• FBCF calculations for aviation fuel 
demanding asset is complicated with 
multiple fuel delivery vehicles.   
• Commodity price multiple is six to seven 
times DESC fuel price compared a large 
percentage increase for surface ship.   
• Compute over realistic (phased) O&S 
lifecycle.   
• Newer OSD FBCF calculator incorporating 
force protection escort costs and 
interdiction losses  
Description:  
•  OUSD(AT&L) provides strategic communications and 
methodology development promoting the use of the FBCF 
during trades analysis during  ACQ process AoAs 
•  Studies by DSB, JASON and LMI amplify importance of 
considering FBCF  in weapon system development 
•  2009 NDAA directs the use of FBCF in the acquisition process 
without explicit instructions on “how to do it” 
•  “Provide a Navy Energy Strategy that treats energy as a 
strategic resource thereby optimizing energy in planning, 
programming, budgeting, execution and acquisition processes.”  
- CNO FRAGO NR 1 30Dec08 
 
Deliverables:  
•  Thesis report addressing FBCF in DoN acquisitions 
Objective: 
•  To provide an analysis of the DoN MDAPs which 
would be affected by FBCF estimates 
•  Analyze a developing model and determine 
feasibility for application to the DoN acquisition 
process 
Participants:   
Author: LCDR Robert Corley 
Thesis Advisor: Dr. Daniel Nussbaum 
Second Reader: CDR Douglas Burton 
 
Evaluating the Impact of the Fully Burdened Cost 
 of Fuel in Trade Space Analysis	

Fuel for DoD Operations 
Direct (Commodity) 
Price 
 ~ $12B in FY07 
Indirect Costs 
(Burdens) 
 The “tail” to deliver 
•  Airborne tanking 
•  Trucks & helos 
•  Navy oilers 
•  Personnel 
•  Force Protection 
FBCF assumes a dollar saved in fuel delivery is at 
least a dollar available to invest in warfighter 
capability plus reduced “tail” vulnerability 
45 








–  Determine benefits of incorporated 




Author: E. Zephyr Riendeau	

Advisor:  Dr. Daniel Nussbaum	

Co-Advisor:  Professor Gregory Mislick	

Second Reader:  Mr. William Solitario	

OSD CAIG, NAVSEA, NASSCO Shipbuilding, & ABB 
Technology	

•  Pods are better.	

•  Pods are cheaper.	





–  Commercial ships use pods.	

–  Pods are more advantageous on naval 
auxiliaries due to the nature of their 
mission.	












	  Compara<ve	  Analysis	  of	  	  
Podded	  vs	  Mechanically	  Driven	  Propulsion	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 Key Participants:   
Thiow Yong Dennis, Lim, Defense Science and 
Technology Agency 
Professor Daniel Nussbaum, Thesis Advisor 
Kyle Lin, Associate Professor 
Objectives:   
Conduct the Global Observer JCTD business case 
analysis, including a baseline analysis and a 
comprehensive sensitivity analysis based on a 
developed operational scenario with 6 designated 
areas of operations, while comparing the 
performance with an existing analogous system, 
i.e., the RQ-4 Global Hawk 
 
Analyze the cost savings, as well as the other 
benefits associated with the operational 
deployment of the Global Observer 
 
A	  Methodological	  Approach	  For	  Conduc<ng	  A	  Base	  Case	  
Analysis	  For	  The	  Global	  Observer	  (JCTD)	  	  
Key Deliverables: Results of the analysis for a 24/7/365 
persistent presence over the designated AO: 
1.      Performance: 20 GOs compared to 35 GHs/ 90.7% savings on fuel 
costs 
2.      Cost Benefits: LCC comparison (see table)/ estimated potential cost 
avoidance of about $40M per annum on commercial satellite 
bandwidth usage,base case annualized compounded ROI is 14.3% 
3.       Sensitivity Analysis: annualized ROI never falls below 12.4% when 
the discount factor for the GO was varied from 3.0% to 10% 
1.  Risk Analysis: 7 days flight endurance remains unproven/  LH2 
handling could prove troublesome 
2.  The Global Observer with its prolonged persistence (7 days) and 
flexibility in payload configuration appears to be a worthwhile 
investment that can provide the DoD with a new capability in round-












LCC comparison between GlobalObserver and GlobalHawk (FY05$M) ‏‏
Description:  
•  Develop the business case analysis 
•  Identify the costs and benefits, if any, of a  
  geothermal HVAC and a traditional HVAC 
•  Provide decision makers relevant information in  
  order to make an informed decision 
 
Key Deliverables:  
•  Determine the value of the metric lambda 
lambda measures the fuel savings percent 
normally used by a generator when a 
geothermal HVAC system is installed 
Objective: 
To assist in determining whether or not a 
geothermal heat pump in conjunction with an 
extremely well-insulated, monolithic dome is more 
economically advantageous as opposed to the 
“traditional” HVAC system 
 
Key Participants:   
Author: LCDR Ronnie D. Trahan Jr. 
Thesis Advisor: Dr. Daniel Nussbaum 
Second Reader: Ms. Barbara Brygider 
 
Geothermal	  HVAC:	  A	  Business	  Case	  Analysis	  	  
















































































A Cost Estimation of Biofuel for Naval Aviation: 
Budgeting for the Great Green Fleet 
	

Develop a cost estimate for biofuel used 
for: 
•   Carrier Air Wing of the Great Green Fleet in 2016 
•   Six-month CVW Deployment in 2020   
Conclusions 
2016 - Great Green Fleet, Premium could be $3.7M 





Ba[eries	  on	  the	  Ba[lefield:	  	  	  Developing	  a	  Methodology	  to	  Es<mate	  the	  Fully	  Burdened	  Cost	  to	  DOD	  
Fully	  Burdened	  Cost	  of	  Fuel	  Using	  Input-­‐Output	  Analysis	  
Results/Future Research 
•  How to save fuel? 
•  End user efficiency has biggest impact 
•  Multipliers cause ripple effects in supply chain 
•  Battlespace and geography should dictate method of fuel 
delivery 
•  Data collection is necessary to support decisions about 
fuel reduction options. 
•  Map a new supply chain with different characteristics than 
Afghanistan. 
•  Incorporate other factors of FBCF  
•  Casualties (Equipment and Lives) 
•  Manpower/Personnel Costs 
•  Depreciation 
•  Exploit data sources to build comprehensive model. 
Objective/Approach 
• Demonstrate the value of creating an IO 
analysis model to capture DoD FBCF  
• Evaluate the feasibility of creating an IO 
analysis model to capture DoD FBCF 
• Define the components (sectors) within the 
DoD 
• Identify and track the flow of fuel from source 
to final destination also known as the tooth 
• Apply model to evaluate system 
 


















= 0.2×1000 gal!360 gal!= 0.3×1200 gal !
= 0.3×1000 gal !
+ 0.3×0.2×1000 gal!
234 gal!
= 0.15×1560 gal !
= 0.15×1000 gal !
+ 0.15×0.2×1000 gal !




































































































Supplied from Now Zad!
Supplied from Deleram!
The Impact of Rechargeable Batteries	

Research Questions 
1. What are the cost differences in purchasing, 
investment, and operations and maintenance 
(O&M), between current disposable BA-5590 
batteries and the BB-2590 rechargeable batteries? 
2. What are other quantified benefits, such as 
transportation and disposal savings, of using 
rechargeable batteries? 
3. Will rechargeable batteries lighten the load of a 
Marine Corps infantry battalion? 
In first 30 days, all investment costs 
recouped, $174,418 saved, and 34% 
ROI. 
Rechargeable Batteries: The Bottom Line 
•  Rechargeable batteries save money as a function of demand 
and number of times recharged with a rapid payback 
•  $15,017 saved per day per battalion ($82.51 * 182) 
•  $450,505 saved per month per battalion ($15,016.82 * 
30) 
•  Rechargeable batteries weigh less when used more than six 
days 
•  Rechargeable batteries reduce convoys from external units 
because battalions are more self-sufficient, thus rechargeable 
batteries 
•  Save lives 
•  Save resources (manpower, trucks, fuel, ect) 
•  Reduce a potentially critical material shortfall 
•  The more batteries you need, the more you save by using 
rechargeable batteries- positive return on investment 
 







•  Energy Degree Programs	

–  FY2012:  	
Piggyback Approach	

–  Sept 2011:  	
Enroll first USN/USMC Energy Students (8 expected in FY12)	

–  Oct 2011: 	
Confirmation of Funding (N45, Energy TF))	

–  Oct-Dec 11: 	
Design/Development Core Energy Courses	

–  Oct 2011:  	
Establishment of P-Codes (N15)	

–  Oct 2011:  	
Establishment of Billets (N45)	

–  Jan 2012:  	
First delivery Energy Core Course	

–  Nov 2011:  	
Final design of FY13 Energy Degree Programs	

–  Feb 2012: 	
Academic Council degree approval	

–  Jan-Sept 12:  	
Full development of all new (FY13) Energy Courses	

•  Energy Academic Certificates	

–  Jan-Dec12: 	
Resident Certificate Developed/Delivered with resident courses 	

–  Jan 2012: 	
Assessment of DL Certificate market and funding	

•  Energy Executive Education	

–  Sep 2011: 	
Design	

–  Oct 2011: 	
Confirmation of funding  (DASN)	

–  Oct-Dec 11: 	
Development	

–  Mar 2012: 	
Targeted first delivery  	

•  Energy Academic Group	





Mechanical	  Engineering	  (Materials)	  
 	  


















GB2XXX – Energy 
Economics	   Energy Seminar	  
 	  





















Policy and Strategy	  
Energy Seminar	  


















ME2601 Solids I	  
ME4101 Advanced	  
Thermodynamics	    	   Energy Seminar	  
 	  
7	   ME0810 Thesis	   ME0810 Thesis	  






















Mechanical	  Engineering	  	  
(Power	  Propulsion	  and	  Alt/Bio	  Fuels)	  
 	  












































Policy and Strategy	  
 	  
Energy Seminar	  
5	   ME3711	   ME3240	   MS3404 Corrosion	  
 	  
ME4420 Marine Power 
and Propulsion	    	   Energy Seminar	  










ME0810 Thesis	   ME3611	  
 	  
ME4XXX Combustion 




















































Energy Policy and Strategy	  
EC2110	  











Solid State Power	  
Conversion	  
EC2200	  













Advanced Solid State	  
Power Conversion	  
EC4010	  


































































MA 1113 (4-0) Single 
Variable Calculus	  
 	  
MA 1114 (4-0) Single 
Variable Calculus II	  
 	  
MA 1025(4-0) Finite 
Math	  









MA 3042 (4-0) Linear 
Algebra	  




OA 3101 (4-1) 
Probability	  
OA 2801 (4-1)	  
Computational	  






OA 3201 (4-0) Linear 
Programming	  
 	  
OA 3102 (4-2) 
Statistics	  
 	  
OA 3301 (4-0) Stochastic 
Models I	  







OA 4202 (4-0) Network 
Flows and Graphs	  
 	  
OA 3103 (4-1) Data	  
Analysis	  
OA 3302 (4-0) 
Simulation Modeling	  






OA 4201 (4-0)	  
Nonlinear	  
Programming	  




OA 4333 (4-0) Simulation 
Analysis	  








OA 4655 (4-0) Joint	  
Combat Modeling	  
 	  
OA 4801 (3-2) 
Spreadsheet Modeling for 
MOR	  
 	  
OA3900 (0-8) OA- Energy 
Experience Tour (3 weeks)	  










































OA 4602 (4-0) Joint	  
Campaign Analysis	  
OA 4656 (4-0)	  
Studies in Defense 
















































































































GB4510 (4-0) Strategic 
Resource Management	  
 	  
GB4520 (3-0) Internal 





































Nanotechnology and Energy Research at NPS 
Professor Sebastian Osswald, Department of Physics 
831-656-2817   |   sosswald@nps.edu	

The Nanomaterials and Integrated 
Nanosystems Group at the Naval 
Postgraduate School (NPS) focuses on the 
design, synthesis, and application of 
nanostructured materials. Areas of interest 
include, but are not limited to, new energy 
conversion and storage technologies, 
multifunctional coatings and 
nanocomposites, nanosensors and sensor 
arrays, and self-sustaining micro- and 
nanoelectromechanical systems (MEMS/
NEMS). 
Current Research Activities 
Energy Conversion & Storage 
•  Nonflammable High Performance 
Lithium-Ion Batteries, Solid Fuel 
Flow Cells, Metal-Seawater 
Batteries 





•  Multifunctional Metal Matrix 
Nanocomposites (MMC) for 
Armoring, Structural Reinforcement, 
Thermal Management, Corrosion/
Wear Protection 
Nanosystems and Sensors 
•  Nanostructure-based Solutions for 
Spacecraft Propulsion 
•  Nanosensors for Chemical and 
Biological Thread Detection 
•  Large Screen IR Scene Projectors 
Centers and Laboratories 
•  Nanomaterials Laboratory 
•  Energy Research and Laser Spectroscopy 
Laboratory 
•  Center For Materials Research 
61 
Optimization of Vertical Axis Wind Turbine 
Arrays (cont.) 
Profs. Garth V. Hobson, Anthony Gannon & Student Lt. J. Ponder, Department of Mechanical & Aerospace Engineering 
831-656-2888   |   gvhobson@nps.edu   |   831-656-2880   |   ajgannon@nps.edu	

62 
Cold Spray Synthesis of Lightweight 
Nanocarbon-Reinforced Metal Armor 
Professor Sebastian Osswald, Department of Physics 
831-656-2817   |   sosswald@nps.edu	

TECHNICAL APPROACH: 
Using cold-spray we will synthesize novel nanocarbon-
reinforced AI composite armor materials that exhibit 
both high strength and high fracture toughness. 
 
•  By Utilizing cold spray and introducing network of 
highly dispersed nanodiamond particles into the metal 
matrix we will prevent grain growth during material 
processing 
•  To achieve high strength while maintaining high 
toughness, we propose the use of CNT as secondary 
reinforcement additive 
•  To keep composite costs low we will use 
nanostructures that are manufactured in large 
quantities  
(additional cost only $10/lb of total armor weight) 
RESEARCH QUESTIONS: 
•  Does the combination of high-energy milling, coating, 
surface-functionalization, and cold spraying allow for 
homogeneous nanoparticle dispersion? 
•  How does the cold spray process affect the structural 
integrity of the carbon nanostructures and can the 
nanocrystallinity of the metal be maintained during 
processing? 
•  What materials and synthesis parameters primarily 
determine the improvements in mechanical properties 
and what are the related physical mechanisms? 
•  Can the improved mechanical properties of the metal 
composite be effectively translated into improved bullet 
and fragment resistance in armor applications? 
